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Abstract
Computed tomographic (CT) imaging involves exposure to ionizing radiation, with a consequent
potential risk to the patient. Here we review the technical factors that affect the radiation dose in
cardiac CT diagnostic procedures, the parameters that are used to measure and compare radiation
doses, the magnitude of radiation exposure, and how to efficiently reduce it.
Introduction and context
The use of computed tomographic (CT) diagnostic
procedures in cardiology is steadily increasing and is
expected to grow even more if the technique evolves to
become a primary diagnostic modality for coronary
artery disease. As CT involves the use of ionizing
radiation in the form of X-rays, the issue of radiation
exposure in coronary imaging by multislice spiral
computed tomography (MSCT) has attracted consider-
able attention. The risks and benefits of each CT coronary
angiogram (CTCA) should be carefully weighed, and the
ALARA principle (as low as reasonably achievable) to
reduce radiation dose to the patient should always be
respected. It is essential that the ordering physicians and
the technicians who perform CT examinations have
adequate knowledge of the radiation exposure of the
procedures and understand how to minimize the dosage
while preserving the quality of the diagnostic image.
Here we review the technical factors that affect the
radiation dose, the parameters that are used to measure
and compare radiation doses, the magnitude of radiation
exposure and how to efficiently reduce it.
Radiation-dose terminology
Radiation exposure in CT is generally quantified by the
tube-current-time product or the mAs-value. It does not,
however, directly quantify the absorbed radiation dose.
Absorbed dose is the amount of radiation energy per unit
mass tissue deposited in a patient's body by X-ray
photons. The most useful parameters for comparing
radiation doses are the computed tomography dose
index (CTDIvol), the dose-length product (DLP) and the
effective dose (E) (Table 1).
The CTDIvol [measured in units of grays (Gy)] represents
the average radiation dose in the x, y, z directions and
estimates the average radiation within the irradiated
volume of one CT acquisition. The value of CTDIvol can
be obtained by standardized phantom measurements
with an ionization chamber. It compensates for the
overlap between slices, by normalizing to the pitch
(pitch is the table advancement per rotation divided by
the collimated detector width) CTDIvol enables ready
comparison between the radiation doses from different
CT scanners. The DLP represents the integrated radiation
dose over all slices from an entire CT examination. The
DLP is calculated as DLP = CTDIvol x scan length.
The effective dose (E) reflects the risk of potential
biological injury of radiation, which depends on the
tissue that is exposed. Biological risks include determi-
nistic effects (skin burns, and so on) and stochastic
effects (carcinogenesis). A good estimation of effective
dose can be obtained from E = k x DLP, where k is a
conversion coefficient which depends on the body
region that is scanned; for the chest k is 0.017 mSv x
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–1 xc m
–1. The effective dose allows for a crude
comparison between different CT scanners and scan
protocols, but is only a rough estimate of the true risk.
The latter should be obtained from patient-specific organ
doses and risk factors. Here, E is calculated as the
weighted mean of relevant organ values according to the
International Commission of Radiological Protection
[1]. In cardiac CT the organs receiving the highest doses
are the female breasts, lungs, liver and esophagus.
Cardiac CT examination and dose reduction
Radiation exposure varies with types of CT scanner and
scan protocols for cardiac examinations. Variables that
play a role in radiation exposure and measures to
minimize the radiation exposure are listed in Table 2.
Following the ALARA principle, all measures should be
taken to reduce radiation exposure to a minimum while
preserving diagnostic-quality (rather than esthetic)
images. Obviously, the number of investigations is
important. The justification for referring a patient for a
CT scan should include a careful balancing of the
expected benefits of information provided and the
(long-term) risk.
A CT scan should not be performed if the same diagnostic
informationcanbeobtainedbyanalternativemodalitythat
does not use ionizing radiation. Of particular importance,
always avoid unintentional repeat examinations.
Table 1. Parameters of radiation dose
Parameter What it represents SI unit
CT dose index (CTDIvol) Mean absorbed radiation dose
over total volume scanned
Gray (Gy)
Dose-length product
(DLP)
Overall dose per scan mGy x cm
Effective dose (E) Biological effect Sievert (Sv)
Table 2. Variables associated with radiation exposure
Variable Measures to minimize radiation
Number of CT scans Alternative diagnostic modality
Avoid repeat scans
Justification of CT scan (avoid young age)
Tube current (mA)
Tube voltage (kV)
Optimize settings according to patient BMI
Pitch Adjust to patient's heart rate
Tube current
modulation
ECG-controlled
Angular-longitudinal
Adjust data acquisition to optimal cardiac
phase (ECG pulsing window)
Adjust to patient attenuation profile
Scan length Minimize
Scan mode
Prospective gating axial
(PGA)
Retrospective gating
helical (RGH)
Only X-ray switched on during optimal
cardiac phase
Optimize tube current modulation
Figure 2. Example of retrospectively gated dual-source CT
coronary angiography
Heart rate 64 beats/minute; pitch 0.28; tube voltage 120 kV; peak tube
current 625 mA/tube; and ECG tube current modulation. (a) The curved
multiplanar projection (MPR), (b) the maximum intensity projection (MIP)
and (c) the colored-volume-rendered image show a subtotal occlusion
(marked by a white arrowhead) of the proximal left anterior descending
(LAD) artery. Effective dose, 7.2 mSv. Ao, aorta; CX, left circumflex artery;
D1, first diagonal; IM, intermediate branch; RCA, right coronary artery.
Figure 1. Comparison of different CT scan protocols
Radiation exposure is represented by the gray shade. (a) Helical CT
coronary angiography (CTCA) without ECG tube modulation.
(b) Retrospectively gated helical CTCA with ECG tube modulation
(E ≈ 1020 mSv in 64-slice CT). (c) Prospectively gated axial CTCA or
step-and-shoot algorithm (E ≈ 23 mSv in 64-slice CT).
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number of photons that is used for image reconstruction
decreases. The number of X-ray photons generated by the
X-ray tube per reconstructed slice depends on tube
current (mA), tube voltage (kV) and pitch, which can be
adjusted to achieve diagnostic-image quality with the
lowest settings. Improved spatial resolution with newer-
generation 64-slice scanners requires an increase in tube
current. Lower mA settings can be used in slim patients.
Radiation dose varies with the square of the voltage (in
kilovolts), and image contrast improves by decreasing
tube voltage in patients with low body mass index
(BMI). This approach has resulted in dose reductions of
up to 88% in cardiac CT examinations [2]. However,
low-voltage settings are less preferable in CT coronary
angiography as image noise also increases, resulting in
degradation of the coronary images. The pitch (which
determines the degree of slice overlap) should be
selected to obtain optimal image quality and should be
adjusted to heart rate, if possible. The scan length should
be individualized to the size of the heart. Most cardiac CT
scans are performed using retrospectively gated helical
(RGH) data acquisition. With RGH, the patient moves
through the gantry at a constant speed, and data are
acquired and available throughout the cardiac cycle. The
tube current can be modulated during scanning by
selecting a pulsing window according to the electro-
cardiogram (for example, during end-diastole) during
which the patient is exposed to maximum radiation,
while tube current is lowered during the remaining
cardiac phases. This can reduce overall effective dose by
30–50% [2,3] and is most effective in the case of low
heart rates.
Recent advances
Another technique recently introduced for CT coronary
angiography is prospectively gated axial (PGA) data
acquisition. This technique uses a step-and-shoot mode:
the table is stationary during data acquisition and then
moves to the next position for the second scan. X-ray
generation is switched off between two consecutive
scans, resulting in an overall low dose to the patient
(1.1–3.0 mSv) [4]. The downside of this technique is that
it is only applicable in patients with low heart rates (pre-
scan beta-blockers are required for patients with higher
heart rates) and regular, very stable heart rhythms.
Estimates of the effective dose for conventional coronary
angiography, cardiac nuclear imaging, and various
cardiac CT scan protocols are listed in Table 3.
Radiation exposure and risk estimation
Cardiac CT examination is associated with a (low)
lifetime-attributable risk (LAR) of incidence of and
mortality from cancer. The LAR estimates of cancer
have been derived from studies of atomic-bomb
survivors (those who received low doses of radiation
ranging from 5 to 150 mSv, mean dose 40 mSv) [5] and a
large-scale study of 400,000 radiation workers in the
nuclear industry (receiving a dose of approximately
20 mSv) [6]. These studies revealed a significant associa-
tion between radiation dose and mortality from cancer.
Einstein et al. [7] showed that 64-slice cardiac CTCA is
associated with a non-negligible LAR of cancer and, most
importantly, that the LAR estimates of cancer incidence
attached to CT examinations are highly dependent on
the age and gender of the patient (Table 4), with younger
patients and females having a higher LAR of cancer
incidence. The risk can, however, be significantly reduced
using dose-reduction techniques.
Implications for clinical practice
Cardiac CT examinations are, inevitably, associated with
a certain radiation-induced risk of cancer, which is age
and gender dependent. The risk is higher in younger
patients and women. The risk of cancer must be
decreased by minimizing radiation exposure to as low
Table 4. Lifetime-attributable risk of cancer following 64-slice CT
coronary angiography
Age
(years)
Standard CT Tube current
modulation
Standard CT Tube current
modulation
Female Female Male Male
40 1 in 284 1 in 435 1 in 1007 1 in 1534
60 1 in 466 1 in 715 1 in 1241 1 in 1911
80 1 in 1388 1 in 2082 1 in 1284 1 in 1834
Data from [7].
Table 3. Estimates of effective dose (E)
E range in mSv
(mean)
ECG tube
modulation
Average background radiation (United
States)
1.0–10 (3.6) -
Conventional coronary angiography 3.1–21.8 (5.6) -
Nuclear MPI studies 2.2–31.5 -
Ca scoring (retrospectively gated
helical)
1.0–6.2 -
Ca scoring (prospectively gated axial) 1.0–3.0 -
CTCA (retrospectively gated helical)
16-slice 5.7–13 No
16-slice 2.9–5.6 Yes
64-slice 9.4–21.4 Yes
64-slice dual source 7.8–16.9 Yes
320-slice 10.1–18.1 No
CTCA (prospectively gated axial)
64-slice 0.75–6.7 (2.8) -
320-slice 4.9–16.5 -
Data from [9−19].
Page 3 of 4
(page number not for citation purposes)
F1000 Medicine Reports 2009, 1:1 http://F1000.com/Reports/Medicine/content/1/1as possible while maintaining diagnostic image quality.
The ordering physician should be aware of this cancer
risk and should carefully consider the potential diag-
nostic benefits of the investigation, which should
outweigh the associated risk of cancer. The technician
performing the CT scan should have a thorough knowl-
edge of the CT scanner specifications and should select a
scan protocol that generates images with a minimal
radiation dose and the required image quality. But most
importantly, at all times avoid cardiac CT examinations
that are not justified by medical need [8].
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